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ABSTRACT

The growth condition of highly oriented textured diamond film on a (100} Si substraie was investigated
as a function of texture orientation. The growth process consisted of biased enhanced nucleation (BEN} and
texture growth. The substrate was ander the plasma of 6% CH,-94% H. with negative bias of 200V during
the BEN while grounded during the texture growth. The texture orintation changed from <100} to {1107
by wcreasing substrate temperature. The nearly perfect match between textured diamond grains and the Si
substrate could be obtained under the condition of {100} texture. The degree of tilt mismatch increased with
the increase of deviation of texture orientation from ¢100}. The degree of twist mismatch appeared te increase
abruptly beyond the critical deviation of texture orienlation from (100> because the nuclei having the same
orientation as the substrate were no more preferred grains for texture formation.
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Table 1. Deposition Conditions for BEN and Texture

Growth
Nucleation Stage | Growth Stage
M.W. power (W) (600 700
gas concentration (6% CHe-Hs 4% CH.-H:
pressure {Torr) 20 30
temperature (€)Y |00 700~900
time 20 min 1-~20
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Fig. 1. Surface morphology of diamond particle film te-
xtured with near <100) orientation,
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Fig. 2. Surface morphology of diamond film with highly
oriented textured grains.
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Fig. 3. Surface morphologies showing the evolution of

oriented grains with deposition time: (a) 20 h,
(by 100,
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Fig. 4. Surface morphology of highly oriented texiured diamond film grown for 170 h at different temperatures:
(a) 730, (b} 740, (c) 750, (d) 760, (e) 770, (h 7807, (g 810T.
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Fig. 5. Magnified surface morphology of the diamond
film shown in Fig, 4(d}.

gl-& B, EAqE twist mismatch #A)= o4t 77 &
oA =Hol
el A&

Hapell A st Re] gAE sbolele <
7k2] mismatch7} 33l Z1E& #AF + vk Fig b+
s glage] g 23S 2 FEh 24 Av)
BslRHE £k match& o] ¢[e] (100)=10] gk 3]
A3 dAle] Ealrh gels =] g ghvh ubd o2
JAE e Alolelliz g e sk tilt misma-
tchtt twist mismatch?l 35}, Til mismatch= 3
a2 Adas o)bate] A AA AFFE ¢
oA =gt wpeh Zoh 2ed of7] EAshe e
twist mismatchs cfelolze 88 P44 o]n] |kl
Siell SiCe) #e), 7]z SiC ] theleHz=2] el
HAdd w 2+ Bzl misfitd AbaEls] A3 mistit
distocation®] A etAol A o]n] AL Hlalrh oiepy
o] whA ellA] misfit dislocation®] burgers vectors] Hb
Folt W T.0] Aof7) o] Fol XA Yo FEALE
Aoislr] A5k

4.4 E

BENT A=A 8 =84 gkt 10w 9% 2
= 51 7|#3} tilt mismatche) twist mismatchzp o -
zHe. tlelolZrevts FAH 4 9ledrh Twist misma-
tch] Aol negetive biags FHo42] 842 F4|8
ol 2k e 5 WERS Zhe delolRn #He
D ZrlE Fsslelond, tilt mismatche] e Hg
228 Qavrake] 24l #d 7tk (100) Siz]#

EREEE



Sil9s YHPPRAE ke TARAA clololEs st 4

7itste] A matchs o] F+= JA27L ¢
FA2AAA AT 00 e A gzl
Azl A&l rhssh o] 2ated A vhutE el 100)H-L
HAEA ofech ufed AAEZ gdsolAe Ay
He] (1Rew o Folal Zap wEA wpahl 7|k
wE 2 A7 42 tilt mismatchs o] T A2
o] AME slxtFE e A matchE - Fr=
e Zlee w=Esic

REFERENCES

1. T. Inuzuka, S. Koizumi and K. Suzuki, “Epitaxial Gro-
wth of Diamond Thin Films on Foreign Substrates,”
Diamond & Rel. Mat, 1, 175-179 (1991).

2. KE. Spear, “Diamond-Ceramic Coating of the Fu-
ture,” [ Am Ceram. Soc, 72, 171-191 {1989),

3. 8. Yugo, T. Kimura and T. Muto, “Effects of Electric
Field on the Growth of Diamond by Microwave Pla-
sma CVD,” Vaguum, 41(4-6), 1364-1367 (1990).

4. X. liang, R. Six, C.-P. Klages, R. Zachai, M. Hartweg
and H.-]. Fuber, “The Effect of Substrate Bias Voltage
on the Nucleation of Diamond Crystals in a Micro-
wave Plasma Assisted Chemical Vapor Deposition
Process,” Diamond & Rel. Mat, 2(2-4), 407412 {1992).

5. B.R. Stoner, G.-H. M. Ma, 5.D. Wolter and I.T. Glass,
“Characterization of Bias-Enhanced Nucleation of Dia-
mond on Silicon by in Vacuo Surface Analysis and

A 318 A4 E(1994)

8.

5.

10.

11

12.

_463_

Transmission Electron Microscopy,” Phys. Rep. B, 45
(19), 11067-11084 (1592).

. X. Jiang and C.-P. Klages, “Heteroepitaxial Diamond

Growth on (100) Silicon,” Digmend & Rel Mat, 2(2-
4), 1112-1113 (1993).

. BR. Stoner, S.R. Sahaida and ].P. Bade, “Highly Orie-

nted, Textured Diamond Films on Silicon via Bias-
Enhanced Nucleation and Texture Growth,”™ [ Mat
Res., B(B), -1334-1340(1993). ‘

B.R. Stoner, C-T. Kao, DM, Malts and R.C. Glass,
“Hall Effect Measurements on Boron-Doped, Highly
Oriented Diamond Films Grown on Silicon Via Micro-
wave Plasma Chemical Vapor Deposition,” Appl. Phys.
Letg, 62(19), 2347-2349 (1993},

Y-J. Baik and K.Y. Eun, “Texture Formation of Dia-
mond Film Synthesized in the C-H-O System,” Thn
Sol. Films., 214, 123-131 (1992}

Y.-]. Baik and K.Y, Eun, “Habit Modification of Gas
Phase Synthesized Diamond Particles in the C-H-O
System,” Thin Sol. Films, 212, 156-163 (1992).

Y.J. Baik, KY. Eun and A. Badzian, “Effect of Growth
Plane Index of Polycrystalline Diamond Film on Ra-
man Spectrum,” pp, 709-714 in 2nd international Con-
ference on the Applications of Diamond Films and
Related Materials, Ed. by M. Yoshikawa, M. Mura-
kawa, Y. Tzeng and W. A. Yarbrough, MYU, Tokyo,
Japan 1993.

Y.]. Baik, unpublished work (1993}



